white) (Figure 2c ), which are widely exposed within the Bekhair Anticline. There are many documented faults in the core of the southern part of the Bekhair Anticline (Figures 1b and 2c) .
The Gercus Formation is widely exposed in N and NE Iraq, SE Turkey, and SW Iran. It is called Gercüş in Turkey, which was first described by Maxon (1936) , and its type locality of 271 m in thickness was measured near the village of Gercüş, Batman Province, in southern Turkey by Bolgi et al. (1961) . It forms the lowermost part of the Midyat Group and its environment of deposition was considered to vary between lacustrine, lagoon, and alluvial-fluvial (Duran et al., 1988; Güven et al., 1991) . Its age is considered Lower Eocene (Duran et al., 1988) . The Gercus Formation in Iran is called Kashkan (Earliest Eocene), whose depositional environment was considered fluvial (Homke et al., 2009; Yeganeh et al., 2012) .
The Gercus Basalt is an elongate, lenticular bed-shaped body located in the middle of the Gercus Formation and exposed in both limbs of the Bekhair Anticline (Figures 2a and 2b) , where it attains a maximum thickness in the northwestern plunge close to a paved road cut (Figures 3a  and 3b ). It has a total length of about 4.5 km and most of it is within the northeastern limb of the anticline ( Figures  2a and 2b ). The thickness of the basalt varies from ~16 m near the plunge, becoming thinner at both ends, to ~1 m before dying out. It seems to be a concordant body within the Gercus Formation because it has similar dip and strike relations to the clastic beds of the Gercus Formation (Figures 2a, 2b, and 3c) . The important field characteristics of basalt are given in Figures 3a-3c . The lower contact of the Gercus Basalt is sharp with the red clasics beds of the Gercus Formation and characterized by baked rocks ~4 cm thick; meanwhile, the upper contact is gradational and highly weathered (Figure 3a) . The Gercus Basalt is grayish black to pale green in color, very fine-grained, massive or vesicular and/or amygdaloidal in texture, and pervasively altered and weathered (Figures 3a-3c ). It is dissected by three perpendicular joint systems (Figures 3a and 3b ) and traversed by irregular fractures. Some joints contain copper mineralization, which can be seen in a few places as green and bluish green surfaces due to malachitization and azuritization. The white-colored irregular fractures are mostly filled by calcite veinlets a few millimeters thick. The amygdules are of various sizes and shapes and are mostly white and occasionally pale green in color, which were mostly filled by calcite, zeolite, and copper minerals in areas close to joints hosting copper mineralization. In one location there are three horizons, each a few meters in length and tens of centimeters wide, where the rocks are highly weathered into crumbled loose material where the white amygdules can easily be separated from the groundmass fragments by simple bare hand. These Fouad, 2015) showing the location of study area. (b) Geologic map of the Bekhair Anticlinal Mountain and surroundings (from Abdulla, 2013) ; the faults are shown as F; the inset to the lower left is the Google map of the same area shown in the map. (c) Detailed Google map of central part of the Bekhair Anticline showing the exposed formations in the core and on both limbs, and the location of the studied Gercus Basalt. (a) Google map of part of the Bekhair Anticlinal Mountain where the Gercus Basalt is exposed within the Gercus Formation, whose outline is indicated, and also the station numbers from which samples were taken for petrographic and geochemical analyses. (b) A photograph taken from the southwestern limb for the northeastern limb of the Bekhair Anticline showing the extension of the Gercus Basalt within the Gercus Formation; the ridge-forming Pila Spi Formation is seen in the far northeastern limb of the anticline; detailed field views of the basalt are shown in Figure 3 . (c) A photograph of two faults located at 36°54′12″N, 42°59′25″E, and 640 m elevation, cross-cutting the contact between the Shiranish and Kolosh formations below the Gercus Formation; the beds on both sides of the faults dip 4° to 10° NW with a strike of 210-220; the dip and displacement along the normal fault are 40° SW and 11 m, while those for the reverse fault are 55° SW and 1.4 m, respectively; their location is shown in Figure 1b , just to the north of Duhok Lake. weathered horizons suggest that the Gercus Formation might have been formed by more than one volcanic pulse. The feeder neck or fracture for the volcano that created the Gercus Basalt is not seen and is expected to be buried within the Gercus Formation close to the plunge of the Bekhair Anticline where the basalt has maximum thickness of ~16 m (Figures 3a and 3b ).
Materials and methods
The Gercus basalt is studied in great detail step by step from one end to the other on both limbs of the Bekhair Anticline because it is a newly discovered body that required detailed mapping. The study and sampling was concentrated on nineteen stations covering both limbs of the Bekhair Anticline ( Figure 2a ; Table 1 ). The samples were taken from many of the studied stations including systematic sampling as cross-sections from the lower to upper contacts as well as its contact relation with the host clastic sedimentary rocks of the Gercus Formation. The number of samples varied from one station to another depending on the thickness of the basalt as well as the lithological variations and the aim of study for each sample. For example, systematic samples were taken as cross-sections from stations where the basalt outcrop is thick, such as stations 1, 8, 11, 14, and 15 , while one or two samples were taken from thin outcrops.
Seventeen representative samples were analyzed for their whole-rock geochemistry including major, trace, REE, PGE, and Au. They were analyzed at Activation Laboratories Ltd. (ACTLABS) in Ancaster, Canada, using the most reliable and suitable analytical techniques for each element. The details of analytical methods for each analyzed element and the lower limits of detection were given by Kettanah and Ismail (2018) and are available on the ACTLABS website (http://www.actlabs.com).
Precision of analysis was better than 10%, while the accuracy was ±2% for the major oxides and ±5% (relative) for both trace and rare earth elements. All other analyses and studies were done at the laboratories of the Department of Earth Sciences of Dalhousie University in Canada. The petrographic and mineralogical studies were conducted on thin, polished thin, and thick sections. Petrography was determined using an advanced transmitted-reflected polarized light research microscope (Olympus BX51) equipped with an advanced Olympus DP71-12.8MP digital color camera. Mineral chemistry studies were performed using a fully automated JEOL 8200 electron microprobe apparatus, whose details and analytical conditions were given by Kettanah and Ismail (2018) .
A number of online computer programs designed for the classification of altered igneous rocks, which are available at https://tlaloc.ier.unam.mx, have been applied on the highly altered Gercus Basalt. These programs are HMgClaMSys_mlr (Verma et al., 2016) and IgRoClaMSys_ ilr , used for identifying the rock type, and MagClaMSys_ilr to identify the type of magma.
The significance of correlation coefficients used throughout the manuscript between the analyzed elements for seventeen samples are 0.48 and 0.66 calculated at 95% and 99% confidence levels (2-tailed), respectively.
Results

Petrography
Thin and polished thin sections for forty samples of the Gercus Basalt were studied under both transmitted-and reflected-light microscopes, complemented by electron probe microanalysis (EPMA) analyses (Figure 4) . The study showed that the essential minerals are feldspar (Figures 4a and 4b) , pyroxene (Figures 4c and 4d) , and olivine (Figures 4e-4g ), which exist as phenocrysts and groundmass, as well as their alteration products, secondary and accessory minerals. The texture of the Gercus Basalt is microcrystalline, microscopically porphyritic, and vesicular/amygdaloidal (Figures 3 and 4) . The phenocrysts are up to 1 mm while the groundmass constituents are ~20 µm in dimensions. The Gercus Basalt is pervasively altered to such an extent that there are only a few places where some fresh minerals can be found. Alterations that have affected all minerals include calcitization, zeolitization, serpentinization, chloritization, iron oxidization (iddingsitization), silicification, and copper mineralization.
Feldspar crystals are elongate, lath-shaped, Carlsbadtwinned, and extensively altered to calcite and zeolites (Figures 4a and 4b ). Pyroxene (Figures 4c and 4d ) and olivine (Figures 4e-4g ) form euhedral phenocrysts, which are mostly altered and only rarely found in fresh form. The pyroxenes are mostly elongate and twinned and have welldeveloped cleavages, while the olivines are euhedral and zoned and form dipyramidal crystals (Figures 4c and 4d ). The alteration products of both olivine and pyroxene are iddingsite (mixture of chlorite, goethite, and amorphous silica) as well as serpentine in the case of olivine ( Figures  4g and 4h ). The alteration products are usually zonally arranged where the remnants of fresh olivine crystals are surrounded by a layer of serpentine followed outward by an external envelope of chlorite (Figure 4g ).
Mineral chemistry
The minerals constituting the Gercus Basalt were analyzed by EPMA for the determination of their mineral chemistry (Tables 2-5 (Figures 4a-4c ). The phenocrysts are sporadically distributed within the groundmass and occasionally show clustering (Figure 4b ). They are mostly altered, which is indicated by microscopic showing perfect cleavage and simple twinning embedded in a fine-grained groundmass (T-XPL); (d) elongate, lath-shaped, rare, fresh clinopyroxene phenocryst embedded in a fine-grained groundmass (T-XPL); (e) rare fresh, dipyramidal, zoned olivine crystal (T-XPL); (f) rare, euhedral six-sided olivine crystal partially altered on borders and along a fracture to serpentine and goethite (iddingsite); (g) rare, euhedral olivine crystal, partially altered from inside outward to serpentine and clinochlore (T-XPL); (h) totally iddingsitized euhedral dipyramidal olivine crystals within a fine-grained groundmass (T-XPL); (i) a cluster of Ti-magnetites (ulvöspinel), which are usually scattered within the groundmass as in previous photomicrographs, showing euhedral outlines surrounded by a light-colored rim formed by martitization (R-PPL).
studies and also from their anomalous chemistry, which consists of Na 2 O (15.6%), K 2 O (3.4%), and minor amounts of CaO (0.6%) ( Table 2 ). The silica content reflects a calcic plagioclase identity while the high alkalis (Na and K) are characteristic of alkali feldspars (Or 13 Ab 85 An 2 ) (Figure 5a (Figure 5b ). 4.2.1.3. Olivine Olivine, like pyroxene, is rarely found as fresh crystals and only in some parts of the Gercus Basalt (Figures 4e and 4h) . They are mostly euhedral, dipyramidal in shape, and show concentric zoning. They are mostly altered to serpentine, clinochlore, and goethite along fractures and boundaries (Figures 4f and 4g ), or completely altered to a mixture of serpentine, iddingsite, amorphous silica, and goethite as is usually the case (Figure 4h ). Alteration is zonally arranged where the fresh crystal remnants act as the core, surrounded by a zone of serpentine, followed outward by a rim of clinochlore (Figure 4g ). -tephroite (0.2%) end-members (Figure 5c ).
Accessory minerals
The accessory minerals that were optically recognized and/or detected by EPMA are Ti-magnetite and apatite (Table 5) . 4.2.3.1. Ti-magnetite Ti-magnetite is a very common accessory mineral scattered as tiny grains within the groundmass of the studied rocks (Figures 4a-4i ). Its crystals are ~20 µm in dimensions and occasionally clustered in aggregates (Figure 4i ). They 
Secondary minerals
Pervasive alteration of the Gercus Basalt resulted in the formation of many secondary minerals filling joints/ fractures and vesicles producing amygdules ( Figure  4 ). All the essential minerals (feldspar, pyroxene, and olivine) have been altered to various degrees. Such alterations produced many secondary minerals including clinochlore, serpentine, calcite, iddingsite, goethite, analcime, amorphous silica, jet, and at least two other not fully identified minerals. Copper mineralization filling joints and fractures was also an event that postdated the emplacement of the Gercus Basalt. Barite, which was detected by EPMA, is rare in occurrence. The detailed petrographic description and mineral chemistry of alteration products and copper mineralization will be dealt with in another paper.
Whole-rock geochemistry
Seventeen representative samples taken from various parts of the Gercus Basalt were analyzed for all major oxides and loss-on-ignition (LOI), as well as trace elements including rare-earth elements (REEs); one sample was analyzed for platinum group elements (PGEs) ( Table 6 ).
Major elements
Chemically, the Gercus Basalt consists of SiO 2 (39.93%, which corresponds to 40.2% on anhydrous basis), Al 2 O 3 (10.69%), Fe 2 O 3t (12.14%), MnO (0.18%), MgO (11.41%), CaO (11.37%), Na 2 O (2.79%), K 2 O (0.52%), TiO 2 (2.52%), P 2 O 5 (0.89%), and LOI (7.04%) with a total of 99.02% (Table 6 ). The equivalent CIPW norms (wt.%) indicated that it has nepheline normative composition. major elements are enriched relative to primitive mantle. These basalts are silica-deficient (39.9%), alkali-rich (Na 2 O + K 2 O = 3.3%), titania-rich (2.5%), and sodic (Na 2 O/K 2 O = 4.6). The LOI has a wide variation range between 3% and 11%, partially reflecting alteration and weathering effects. Pervasive alteration effectively changes the primary distribution of mobile elements including K, Rb, Ba, and Sr (Humphris and Thompson, 1978; Sayit et al., 2017) . Redistribution of mobile elements is expected to affect the curves involving such elements and give questionable results regarding rock type and origin. In such cases, depending on immobile elements such as high-fieldstrength elements (HFSEs) and REEs is necessary because they are the most stable immobile element groups under different geological processes including alteration and weathering conditions. The TAS classification diagram of volcanic rocks between silica and total alkalis (Le Bas et al., 1986; Le Maitre et al., 2002) applied to the Gercus Basalt on a volatile-free basis indicates basanite and picrobasalt (= olivine-rich alkali basalt) rock types within the silica-undersaturated group (Figure 6a ; Table 6 ). Since TAS classification is recommended for fresh rocks, the identity indicated by this classification for the altered and weathered Gercus Basalt has been checked using some immobile trace elements (below) as well as a series of recently developed alternative online computer programs, which will be discussed later in petrogenesis section.
Trace elements
Compared to CI-chondrite, primitive mantle, normal midocean ridge basalt (N-MORB), enriched midocean ridge basalt (E-MORB), and oceanic island basalt (OIB), the Gercus Basalt has close similarity to OIB with a similar pattern. The pyrolite and primitive mantle-normalized spidergrams for trace elements of the Gercus Basalt show enrichment in all elements including highly incompatible elements such as the highly siderophile elements (HSFEs) (Figure 6b ).
Rare-earth elements (REEs)
The Gercus Basalt is enriched relative to primitive mantle (pyrolite) and closely clustered in distribution pattern ( Figure 6c ). The primitive mantle-and chondritenormalized N-MORB, E-MORB, OIB, and Gercus Basalt show that the Gercus Basalt is similar to OIB (Figure 6d ). The Gercus Basalt has a smooth chondrite-normalized REE distribution pattern with a very small positive Eu anomaly of 0.323 (Eu anomaly = Eu/Eu* = Eu N /[½(Sm N +Gd N )]) (Figures 6c and 6d) . The chondrite-normalized REEs show that the LREEs are highly enriched relative to HREEs by a factor of 22.7, which represents the (La/Yb) N ratio ( Figure  6d ).
Platinum group elements (PGEs)
The concentrations of Os, Ru, Pd, and Re were below their detection limits while those of Ir, Rh, Pt, and Au were 0.8, 0.3, 6, and 5.2 ppb, respectively (Table 6 ). Other than Au, the PGEs are depleted relative to pyrolite.
Discussion
Petrogenesis
Fresh volcanic rocks are usually classified using the silica -total alkalis (TAS) diagram (Le Bas et al., 1986 Bas et al., , 1992 . However, in the case of highly altered and weathered rocks such as those of the Gercus Basalt, this classification is not considered conclusive by many researchers (e.g., Hastie et al., 2007) and has to be supported by alternative classification diagrams. For this reason, both approaches Figure 5 . Ternary classification diagrams applied to the Gercus Basalt for the end-members of (a) feldspar (orthoclase -albite -anorthite), (b) clinopyroxene (wollastonite -enstatite -ferrosilite) (Morimoto et al., 1988) , and (c) olivine (tephroite -forsterite -fayalite). (Verma et al., 2016) and IgRoClaMSys.xls ) online computer programs. ** Rock type based on TAS (Le Bas et al., 1986; Le Maitre et al., 2002) .
*** Magma type based on MagClaMSys.xls. .
+ Chondrite values are from McDonough and Sun (1995) . FUS-ICP = Fusion with inductively-coupled plasma; FUS-MS = fusion with mass spectrometry; NI-FINA = nickel sulfide fire assay-instrumental neutron activation analysis. were applied in this study. The TAS diagram shows that the Gercus Basalt falls within the fields of basanite and picrobasalt ( Figure 6a) . A modified version of the (Nb/Y) -(Zr/TiO 2 ) diagram of Winchester and Floyd (1977) (Pearce, 1996) , which is considered as a proxy for the TAS diagram, showed that the studied volcanics are mostly classified as foidite and partly alkaline basalt (Figure 7a ). This immobile element classification diagram in a way agrees with the TAS classification showing similar results. The (Zr/10 4 *P 2 O 5 ) -(Nb/Y) diagram discriminating between alkaline and tholeiitic magmas (Floyd and Winchester, 1975) showed that the Gercus Basalt is alkaline ( Figure 7b) .
As an alternative for TAS classification, which is recommended for fresh unaltered igneous rocks, a number of online computer programs have been applied to better 
.00 6.00 6.00 identify and classify the highly altered Gercus Basalt. These programs are used to identify the rock type (Verma et al., 2016; ) and the type of magma . According to these authors, such recently displayed multidimensional classification systems are fully consistent with the IUGS conventional scheme, which works well and is recommended for the classification and nomenclature of altered igneous rocks. Applying these computer programs as proxies for the TAS classification showed that the Gercus Basalts are mostly basanites (eight samples), while the other nine samples are equally divided among alkali basalts, melanephelinites, and picrites, and also showed that the picrites are of basic magmatic origin, while the rest of the samples are of ultrabasic magma type (Table 6 ). Petrographic studies also support the geochemical discrimination methods, which showed that the Gercus Basalt consists of feldspar, pyroxene, and olivine as essential minerals and accessory minerals such as Timagnetite (ulvöspinel) and apatite. The CIPW norms showed that the dominant minerals are plagioclase (38.6 wt.%), diopside (21.5 wt.%), olivine (14.8 wt.%), and hematite (13.3 wt.%) with minor amounts of orthoclase, perovskite, apatite, nepheline, and ilmenite and no quartz. All these petrographic and mineral chemistry results characterize basanites, alkali basalts, melanephelinites, and picrites in support of the whole-rock major and trace element geochemical discrimination diagrams (Figures 6a  and 7a ; Table 6 ).
Volcanic series and tectonic setting
For investigating the volcanic series identity of the Gercus Basalt and its tectonic setting, a variety of commonly applied discrimination diagrams were used ( Figures  7c, 7d, 8a-8d, and 9a-9d) . Hydrothermal alteration and weathering may enrich some immobile trace elements such as LILEs and REEs (Price et al., 1991; Kuschel and Smith, 1992) . The distribution pattern of REEs and their relation with HFSEs suggest that these important groups of elements were not significantly affected by alteration and weathering in the studied rocks. They show tight REE concentration ranges and clustered smooth pattern curves with LREE enrichment over the HREEs (Figure 6c ). The LREEs show significant positive correlation (r = 0.4 to 0.9) with HFSEs (e.g., Nb, Ta, Hf, and Th) as well as some other (Sun and McDonough, 1995) . trace elements such as Ga, Zn, Ni, Co, V, and P, and also show weak positive or no correlation with Ti, Zr, Y, and some LILEs (e.g., Ba, Rb, and Sr). These relations make the incompatible REEs and HFSEs and especially their ratios, which minimize the effect of alterations on these elements, more reliable discrimination tools.
The immobile trace element ratios (Ta/Yb) -(Th/Yb) discriminant binary diagram for mantle melting array versus arc basalts (Pearce, 1982) showed that the studied rocks are alkaline, within-plate basalts falling in the field of OIB (Figure 7c ). The (Ta/Yb) -(Th/Yb) diagram discriminating between orogenic and anorogenic tectonic settings (Wilson and Bianchini, 1999) indicated that the Gercus Basalt is of anorogenic origin (Figure 7d) .
Various immobile trace element discriminating diagrams for volcanic rock series and their tectonic settings using ternary diagrams were applied on the studied Gercus Basalt (Figures 8a-8d) . The Hf/3 -ThTa (Figure 8a ) (Wood, 1980) and Nb*2 -Zr/4 -Y ( Figure   8b ) (Meschede, 1986) triplots discriminating among arc, MORB, and within-plate basalts showed that the studied rocks are alkaline within-plate basalts. The Ti/100 -Zr -3Y discriminant triplot for arc, within-plate, and ocean floor basalts (Pearce and Cann, 1973 ) also showed withinplate basalt origin (Figure 8c) . The Y/15 -La/10 -Nb/8 tectonic setting discriminant triplot for arc, MORB/ WP, and intermediate/contaminated rocks (Cabanis and Lecolle, 1989) indicated that the studied rocks are alkaline and fall in the field of anorogenic (distensive) domains (Figure 8d ). In summary, most of these diagrams indicate that the Gercus Basalt belongs to alkaline series of withinplate tectonic setting.
Tectonic setting geochemical diagrams for discriminating the four major tectonic settings of oceanic island basalt (OIB), continental rift basalt (CRB), island arc basalt (IAB), and midocean ridge basalt (MORB) using statistical methods on five new geochemical diagrams for basic and ultrabasic volcanic rocks established on log-ratio (Pearce, 1996; after Winchester and Floyd, 1977) . (b) (Zr/10 4 *P 2 O 5 ) -(Nb/Y) diagram discriminating between alkaline and tholeiitic magmas (Floyd and Winchester, 1975) . (c) Modified (Ta/Yb) -(Th/Yb) diagram of Pearce (1982) (from Cirrincione et al., 2014) ; N-MORB, E-MORB, and OIB after Sun and McDonough (1989) ; upper crust (UC), lower crust (LC), and middle crust (MC) (Rudnick and Fountain, 1995) ; SHO = shoshonite; CA = calc-alkaline; OIB = oceanic island basalt; TH = tholeiitic; ALK = alkali; WPB = within-plate basalt; TR = transitional zone. (d) (Ta/ Yb) -(Th/Yb) binary diagram discriminating between orogenic and anorogenic tectonic settings (Wilson and Bianchini, 1999). transformation data basis of (1) major-elements (Agrawal et al., 2004; Verma et al., 2006) , (2) five immobile trace elements (La, Sm, Yb, Nb, Th) (Agrawal et al., 2008) , and (3) five high-field-strength elements (TiO 2 , Nb, V, Y, Zr) (Verma and Agrawal, 2011) were applied to the Gercus Basalt (Figures 9a-9d ). These diagrams indicated that the position of the Gercus Basalt is equally divided between OIB and/or CRB tectonic setting fields. Other discriminant diagrams also showed similarities with OIB (Figures 6b and 6d) .
Origin of the Gercus Basalt
The primitive mantle-normalized multielement diagram, dominated by immobile LILEs, HFSEs, and REEs for the Gercus Basalt compared with those of OIB, N-MORB, and E-MORB, showed close similarity to OIB and was very distinct from N-MORB and E-MORB (Figure 6b) . Nb, Ta, P, and Pb show enrichment, while Rb, K, Hf, and Zr have negative anomalies relative to the surrounding elements. Other than the positive Pb anomaly, these relations are characteristic for most alkali basalts studied by Zhang et al. (2009 ), Wang et al. (2011 ), and Dai et al. (2018 .
The alkaline nature of the Gercus Basalt is evident from the binary trace element diagrams (Figures 7a and  7b) , and also its alkaline, within-plate tectonic setting is illustrated in the trace element plots (Figures 7c and 8a-8d) . The alkaline nature of the Gercus Basalt can further be Figure 8 . Immobile trace elements and some major oxides discriminating ternary diagrams for the volcanic rock types and their tectonic settings: (a) Hf/3 -Th -Ta discriminant triplot for arc, MORB, and within-plate basalts (Wood, 1980) ; (b) Nb*2 -Zr/4 -Y discriminant triplot for arc, MORB, and within-plate basalts (Meschede, 1986) ; (c) Ti/100 -Zr -3Y discriminant triplot for arc, within-plate, and ocean floor basalts (Pearce and Cann, 1973) ; (d) Y/15 -La/10 -Nb/8 discriminant triplot for the tectonic settings of arc, MORB/WP, and intermediate/contaminated rocks (Cabanis and Lecolle, 1989) . Figure 9 . Tectonic setting discrimination geochemical diagrams for discriminating the four major tectonic settings, oceanic island basalt (OIB), continental rift basalt (CRB), island arc basalt (IAB), and midocean ridge basalt (MORB), using five new geochemical diagrams for basic and ultrabasic volcanic rocks established based on log-ratio transformation data of: (a, b) major elements (Agrawal et al. 2004; Verma et al., 2006) ; (c) five immobile trace elements, La, Sm, Yb, Nb, and Th (Agrawal et al., 2008) ; (d) five high-field-strength elements, TiO confirmed by comparing its major elements geochemistry with the alkaline Chinese basalts studied by Zhang et al. (2009) , which showed close matching including the Mg# (60) and Fe/Mn ratio (76), and are distinct from tholeiitic basalts. Similarly, the smooth, chondrite-normalized REE distribution pattern (Figure 6c ) closely matches that of OIB and shows considerable differences from N-MORB, E-MORB, primitive mantle, and pyrolite patterns ( Figure  6d ). The LREE enrichment relative to HREEs by a factor of 22 expressed as La/Yb (N) is within the range of alkali basalts (12.5-31.8) and much higher than the range of tholeiites (7.1-14.4) given by Zhang et al. (2009) for Cenozoic continental basalts in east-central China. In the same way, the average Nb/Ta ratio of 17.1 for the Gercus Basalt is also within the range of alkali basalts (14.5-17.4), which is different from the range of tholeiite (15.4-16.4) . Apparently this similarity of trace element distribution patterns between continental basalts and OIB is a rule rather than an exception. Zhang et al. (2009) reported that many, if not all, continental basalts have the same OIB trace element signature. Lustrino and Wilson (2007) in a review paper on the Circum-Mediterranean Anorogenic Cenozoic Igneous Province (CMACIP) suggested certain characteristics for mafic magmatic rocks to be classified as anorogenic. These characteristics include geochemical and isotopical similarities with OIB, Na 2 O/K 2 O ratio of ≥1 compared to orogenic magmas, and having Nb -Ta peak and K trough on the primitive mantle-normalized trace element variation diagram (Figure 6b ). All these characteristics are present in the Gercus Basalt, which is classified as anorogenic in this study based on the (Ta/Yb) -(Th/Yb) ( Figure 7d ) diagram (Wilson and Bianchini, 1999) and Y/15 -La/10 -Nb/8 triplot (Cabanis and Lecolle, 1989) (Figure 8d ). The Gercus Basalt is divided between basanite, alkaline basalt, melanephelinite, and picrite as rock types; other than the three picrites, which are of basic magma type, the other fourteen rocks belong to ultrabasic magma (Table 6) . Picrite is a variety of high-magnesium olivine basalt usually occurring with tholeiitic basalts such as the Hawaiian Islands volcanoes, and it can also be considered as an olivine-rich alkali basalt (Le Maitre, 2002) . Picrites have also been found within flood basalt lavas, such as those of the Deccan flood basalt province of India, which were probably emplaced along deep-seated faults in graben and rift regions (Krishnamurthy et al., 2000) . The Gercus Basalt is similar to OIB in its trace element variation diagrams ( Figures 6b and 7c) ; it is sodic in character (Na 2 O/K 2 O = 3.6 as median value; Table 6 ) and shows a peak (hump) of Nb -Ta, trough of K, depletion in Rb, Zr, and Hf, and enrichment in Pb relative to the adjacent elements on the primitive mantle-normalized trace elements diagram (Figure 6b ). The positive Pb anomaly is curious because most anorogenic basalts of OIB affinity are depleted in Pb; one of the interpretations for the positive Pb anomaly is shallow-level crustal contamination (Lustrino and Wilson, 2007) . Anorogenic means extension-related intraplate magmas, typically Na-rich alkali basalts, basanites, and their differentiates, but locally includes subalkaline basalts and potassic partial melts such as leucitites of the mantle lithosphere (Wilson and Bianchini, 1999) . The Gercus Basalt falls within the fields of Iblean (alkaline) and Sardinia (alkaline), and close to Etna basalts among thirteen volcanoes of Tertiary-Quaternary magmatism within the Mediterranean and the surrounding region studied by Wilson and Bianchini (1999) (Figure 7d ). The eastern limit set by Lustrino and Wilson (2007;  Figure 1 ) for the CMACIP includes the whole of Turkey, western Jordan, the northern Dead Sea, and western and northern Syria and possibly reaches the western part of north Iraq, not far from the studied area, suggesting that the Gercus Basalt might be considered as part of this province.
The transitional elements with relatively narrow concentration ranges such as V (201-241 ppm), Cr (250-380 ppm), Co (49-60 ppm), and Ni (190-370 ppm) show weak positive correlations with MgO (r = 0.2 to 0.4), indicating that the removal of their host minerals (forsterite and diopside) from the parent magma was an important process during fractional crystallization (Lustrino et al., 2010) . The negligible positive Eu anomaly of the Gercus Basalt indicates that the role of plagioclase as a fractionating phase was insignificant (Figures 6c and 6d) .
The Gercus Basalt shares many characteristics with the highly silica-deficient (SiO 2 : 36.9%-40.8%) Chinese Cenozoic alkali basalts studied by Dai et al. (2018) , including some major and trace element contents and their ratios. The Gercus Basalt with its very low SiO 2 content (38.1%-41.9%; 39.8% av.) (Table 6 ) is the most silicadeficient among all basalts in the countries surrounding Iraq, including those of Turkey (Polat et al., 1997; Buket and Temel, 1998; Yilmaz et al., 1998; Özdemir et al., 2006; Seyrek et al., 2007; Dilek et al., 2010; Lustrino et. al., 2010 Lustrino et. al., , 2012 Kürkçüoğlu et al., 2015 ) , Syria (Sharkov et al., 1994; Lustrino and Sharkov, 2006; Krienitz et. al., 2007; Lease and Abdel-Rahman, 2008; Ma et al., 2011; AbdelRahman and Lease, 2012) , Iran (Azizi and Moinevaziri, 2009; Ahmadzadeh et al., 2010; Allen et. al., 2013; Torkian et al., 2016) , Jordan (Shaw et al., 2003; El-Akhal, 2004; Yaseen, 2014) , Lebanon (Abdel-Rahman and Nassar, 2004) , and the CMACIP (Lustrino and Wilson, 2007) . With some differences in major element contents, the closest basalts to the Gercus Basalt in their characteristics are the Quaternary continental intraplate volcanics of the Al Ghab-Homs volcanic field along the northern Dead Sea Fault System in western Syria (Ma et al., 2011) . Other basalts sharing many petrographic and geochemical characteristics with the Gercus Basalt are the Quaternary basalts that erupted along the East Anatolian and Dead Sea fault zones of southern Turkey studied by Polat et al. (1997) ; the Cenozoic mafic-ultramafic alkaline lavas from the Tigris volcanic field, NE Syria, which extend to Turkey (Abdel-Rahman and Lease, 2012) ; and the Euphrates volcanic field, NE Syria (Lease and Abdel-Rahman, 2008) . Both volcanic fields of northeastern Syria are not very far from the studied Gercus Basalt. Similarities to the Gercus Basalt and the Syrian Tigris and Euphrates basalts are alkaline olivine basalts and basanites with characteristics of OIB and they overlap in their position in the Ta/YbTh/Yb diagram of Pierce (1983) , falling between the two diagonal trend lines of the mantle spectrum. In spite of some differences in their major element geochemistry, possibly due to alteration of the Gercus Basalts, as they are richer in Si, Al, Fe, Na, and K and poorer in Mg, Ca, Mn, and P, they closely match or have comparable concentrations for most trace elements. Among the similarities are the ratios of most incompatible trace elements such as Ba/ Nb, Ba/La, Th/Nb, La/Nb, Zr/Y, Ti/Zr, Nb/Ta, La/Sm (N) , and Gd/Yb (N) . Polat et al. (1997) suggested that the east Anatolian Quaternary basalts were generated from mantle-resembling OIB sources, probably derived from a low degree of partial melting of metasomatically enriched asthenospheric mantle extruded through the lithospheric fracture created by the East Anatolian and Dead Sea strikeslip faults in southern Turkey.
The Syrian Quaternary Tigris and Euphrates basalts were probably generated by a small degree of partial melting of a primitive, garnet-lherzolite fertile mantle source (Lease and Abdel-Rahman, 2008; Abdel-Rahman and Lease, 2012) . The ratios of highly incompatible to moderately compatible elements such as Ba/Y, Ba/Zr, and P 2 O 5 /TiO 2 decrease with increasing degrees of partial melting, which is considered to be the most efficient process for fractionating these elements (Pankhurst, 1977) . The ratio of some other elements such as Zr, Nb, and Sr incompatible during melting to Al 2 O 3 , which is buffered by residual garnet, usually decreases systematically with increasing degrees of partial melting (Hoernle and Schmincke, 1993; Abdel-Rahman and Lease, 2012) . Plots of Ba -Ba/Zr (Figure 10a (Figure 10f ) showed positive linear correlations (r = 0.99, 0.99, 0.93, 0.49, 0.52, and 0.88, respectively) ; such trends indicate the significant role of partial melting processes in the production of the magma of the Gercus Basalt. Similar relations observed in the Syrian Tigris basalts were interpreted to be indicative of a fertile, garnet-lherzolite-bearing asthenospheric mantle (AbdelRahman and Lease, 2012) , which could be the case for the Gercus Basalt. The presence of water-bearing minerals like amphibole or phlogopite in the upper mantle during partial melting causes retention of alkali elements such as K, Rb, Ba, and water relative to the melting of normal anhydrous minerals (Adam et al., 1993; LaTourrette et al., 1995; McCoy-West et al., 2010) . Thus, the presence of water (3%-11%) and the negative K and Rb anomalies in the Gercus Basalt (Figure 6b ) require the presence of amphibole or phlogopite in the mantle source.
Partial melting of either garnet-or spinel-peridotite will cause enrichment in LREEs in the melt and create La/Yb variations with variable degrees of melting (Shaw et al., 2003) . The LREEs are enriched relative to HREEs in the Gercus Basalt (Figures 6c and 6d) having a La/ Yb ratio of 32.5 on average (Table 6 ). The Th/U -Rb/Cs binary diagram (from Krienitz et al., 2007) shows that the Gercus Basalt is within the field of mantle-derived magmas (Figure 11a ). The binary Nb -Nb/Ta diagram discriminating between terrestrial basalts and continental crustal rocks for various silicate reservoirs, which also shows the possible Nb/Ta fractionation trends caused by key minerals such as biotite, amphibole, and Ti-rich phases (from Li et al., 2017) , indicates that the Gercus Basalt samples fall totally within the continental basalt (CB) field and follow the fractionation trend of amphibole and/ or biotite (Figure 11b ). Significant positive correlations between TiO 2 and both Nb (r = 0.58) and Ta (r = 0.61) suggest that Ti-magnetite (ulvöspinel) is the main carrier of Nb and Ta, which contains 23% TiO 2 ( Table 5 ), implying that this common accessory mineral in the Gercus Basalt (Figures 4a and 4i) has played an important role in Nb/Ta fractionation. All these three elements (Ti, Nb, and Ta) have similar behavior in magmatic processes (Li et al., 2017) , which is supported by the positive correlation between them. Binary La/Yb (N) -Dy/Yb (N) (Figure 11c ) and La/Yb -Yb (Figure 11d ) diagrams of Shaw et al. (2003) indicate that the Gercus Basalt follows the trend of garnet lherzolite melting curves rather than the spinel lherzolite melting curves. Binary La/Yb -Dy/Yb (Figure 11e ) and Zr/NbCe/Y (Figure 11f ) diagrams discriminating between garnet lherzolite-, garnet pyroxenite-, and amphibole-bearing garnet lherzolite melting curves (McCoy-West et al., 2010) also show closer trends to the latter curve, indicating the existence of amphibole rather than phlogopite in the source magma. The La -La/Yb diagram (Vigouroux et al., 2008; Göçmengil et al., 2018) also indicates melting of the Gercus Basalt with a residual garnet trend rather than melting without residual garnet (Figure 11g ). The relative abundance of alkali and alkaline earth elements has been used as a distinguishing factor between the presence of amphibole or phlogopite in the mantle source (McCoyWest et al., 2010) . Ratios of Rb/Sr of >0.1 and Ba/Rb of <20 suggest melts in equilibrium with phlogopite, while Rb/Sr <0.06 and Ba/Rb >20 indicate amphibole source (Furman and Graham, 1999) . The Gercus Basalt, which is rich in alkalis (Na 2 O and K 2 O) and alkali earth elements (Mg, Ca, Ba, and Sr) (Table 6 ), has very low Rb/Sr (0.0033 -0.0102; 0.0065 av.) and very high Ba/Rb (21 -182; 85 av.) ratios, indicating amphibole as the main potassic hydrous phase in the mantle source. The Ba/Rb -Rb/Sr diagram (Figure 11h ) discriminating between the melting trends of an amphibole-and phlogopite-bearing mantle source (Furman and Graham, 1999; Duggen et al., 2005; Göçmengil et al., 2018) clearly shows the alignment of Gercus Basalt samples along the Ba/Rb line in the direction of increasing amphibole in the source magma, which acted as the main source of water in the Gercus Basalt (3.07%-11.05% LOI; 7.04% av.; Table 6 ).
A high Zr/Hf ratio (45-100) was considered as a diagnostic feature of mantle metasomatism (Dupuy et al., 1992; Rudnick et al., 1993; McCoy-West e al., 2010) . This ratio for the Gercus Basalt ranges between 49 and 73 (56 av.), which is 1.5 times that of the primitive mantle (~37; Sun and McDonough, 1989; McDonough and Sun, 1995) , indicating that the mantle has been affected by metasomatism. Ti/Eu and (La/Yb) N ratios have been suggested as discriminants between carbonate-and silicate-driven metasomatism (Powell et al., 2004; McCoyWest et al., 2010) . Carbonate metasomatism has high (La/ Yb) N (30-100) and low Ti/Eu (<1000). The ratio of (La/ Yb) N and Ti/Eu for the Gercus Basalt is 22 and 5944, respectively, suggesting that the metasomatism was of silicate type rather than carbonate-driven. High Nb/U and Ce/Pb ratios of 39 and 10, respectively, for the Gercus Basalt ( Table 6 ) corresponding to that of OIB (47 and 25), primitive mantle (34 and 10), show that it is close to primitive mantle and has much higher values than continental crust (10 and 5) (Hofmann et al., 1986) . This is an indication of insignificant crustal contamination during magma ascent through the continental crust (Dai et al., 2018) . The Sanandaj Cretaceous calc-alkaline volcanic belt of northwestern Iran, which was generated at an active continental margin (Azizi and Moinevazir, 2009) , the closest and most complementary to the ophiolites of Krienitz et al., 2007) ; UCC and LCC are upper-and lower-continental crusts, respectively. (b) Nb -Nb/Ta discriminant diagram between terrestrial basalts (MORB, OIB, CB, and IAB) and continental crustal rocks (bulk CC and Archean TTG for various silicate reservoirs); possible Nb/Ta fractionation trends caused by key minerals (biotite, amphibole, and Ti-rich phases are also indicated by arrows; MORB = midocean ridge basalts; OIB = ocean island basalts; CB = continental basalts; IAB = island arc basalts; AG = Archean greenstones; TTG = tonalite-trondhjemite-granite; CC = continental crust (from Li et al., 2017) . (c, d) La/Yb (N) -Dy/Y b(N) and La/Yb -Yb discriminant diagrams between garnet-and spinel-lherzolite melting magma source (Shaw et al., 2003) . (e, f) La/Yb -Dy/Yb and Zr/Nb -Ce/Y binary diagrams discriminating between garnet lherzolite-, garnet pyroxenite-, and amphibolites-bearing garnet lherzolite-melting curves (McCoy-West et al., 2010) . (g) La -La/Yb discriminant diagram for the presence or absence of residual garnet during the partial melting of the source magma (Vigouroux et al., 2008; Göçmengil et al., 2018) . (h) Ba/Rb -Rb/Sr discriminant diagram between phlogopite and amphibole in the source area (Furman and Graham, 1999; Duggen et al., 2005; from Göçmengil et al., 2018) ; primitive mantle. OIB and N-MORB data are from Sun and McDonough (1989). northeastern Iraq (Figures 1a and 12) , have different origin and characteristics than those of the studied Gercus Basalt.
Modeling of the Gercus Basalt
Basalts with a concordant relationship to their host sedimentary rock layers could be interpreted to have been formed as sills or superficial lava flows. The Gercus Basalt is conformable with the clastic beds of the Gercus Formation (Figures 1b, 1c, 2, and 3) . The basalt has similar strike and dip to these beds with no indication of crosscutting relations between them. The lower contact of basalt with the underlying red mudstones is sharp, with baked layer of about 4 cm thick produced by the heat effect of basaltic lava on the underlying sediments during flowing. The upper surface of basalt is weathered and gradational with the overlying red mudstones as an indication that the basaltic body was formed as a superficial flow rather than a sill. The other indication of being a superficial lava flow is the vesicular/amygdaloidal texture of basalt formed by gas escaping from the exposed upper layer during eruption. The lava flow possibly erupted into an actively subsiding basin of sedimentation of the Gercus Formation. The active ongoing sedimentation during the Eocene period was continuous during and after the extrusion and solidification of the lava, which was subjected to weathering and alteration, indicated by weathering effect on the upper part, and consequently the basalt was covered with younger sediments and became part of the succession of the Gercus Formation. Eruption of basaltic lava apparently happened in successive pulses indicated by the alternation of vesicle/amygdule-rich and -poor horizons. For these reasons the Gercus Basalt is considered syndepositional with the Gercus Formation and is expected to have the same age (Middle Late Eocene). Minerals such as zircon were not found in the Gercus Basalt for dating; furthermore, the pervasive alteration of these rocks makes their age determination by methods like (Figures 7a,  7b , 8a, 8b, and 8d), divided among basanites, alkali basalts, melanephelinite, and picrite (Table 6 ; Figures 6a, 7a, 8a, 8b , and 8d). The mostly ultrabasic and partly basic magmas ( Table 6 ) that generated the Gercus Basalt were OIB-like magma (Figures 6b, 6d , 7c, and 9), likely derived from an amphibole-bearing garnet lherzolite source (Figures  11c-11h) . The relative abundance of alkali and alkaline earth element ratios suggests that amphibole was the main potassic hydrous phase in the mantle source.
Tectonically, the north-northeastern part of Iraq forms the extreme N-NE limit of the Arabian Plate, which collided with the Anatolian-Iranian microplates, producing the Bitlis (Turkey) -Shalair (Iraq) -SanandajSirjan (Iran) Suture Tectonic Zone. This collision resulted in the formation of a belt of ophiolite complexes along the common border between these three countries ( Figure 12 ). This belt is part of a wider belt extending from the Balkan Peninsula through the Anatolian Taurus to the Iranian Zagros Mountains, which was produced by the collision between the Afro-Arabian and Eurasian plates (Dilek et al., 2007) . By this collision the final stage of the closure of the Tethys Ocean was completed, where the Neo-Tethys part of the Tethys Ocean was closed. The oblique collision of the Afro-Arabian plate with the Iranian microcontinent took place in the Late Cretaceous-Early Tertiary (Alavi, 2004) . The Iraqi Zagros Suture Zone is the site of the ongoing collision between the Arabian -Anatolian and the Arabian -Iranian microcontinents in north and northeastern Iraq, respectively (Numan, 1997) . Prior to this final collision of the Arabian -Iranian plates, another collision took place, which resulted in the closure of the Paleo-Tethys in Iran, expressed by the ophiolite belts of Khoy-Nain-Baft within Iran and the Paleo-Tethys ophiolites separating the Iranian Microplate from Eurasian Plate (Ghazi and Moazzen, 2015; Ajirlu et al., 2016) (Figure 12 ).
Magmatism in Iraq is confined to its northeastern border with Iran as a narrow ophiolite belt. The igneous rock occurrences forming this belt are represented by the Qulqula-Khwakurk, Penjween-Walash, and Shalair Zones . There are basalts in many of these zones (e.g., Penjween, Mawat, Walash, Katar-Rash, Pushtashan, and Qulqula), which vary between boninite, MORB, OIB, CAB, IAB, and island arc tholeiites. Some of these basalts are alkaline, such as those of Mawat and Walash, but they are different than the Gercus Basalt as they contain much higher SiO 2 , Al 2 O 3 , and Na 2 O and much lower MgO, CaO, TiO 2 , P 2 O 5 , and LOI.
Based on the petrographic and geochemical evidence, the following model can be proposed for the formation of the Gercus Basalt within the tectonic framework of northern Iraq and the surrounding areas of Turkey and Iran (Figure 12 ). The magma from the subcontinental asthenosphere was extruded to the surface during the sedimentation of the Gercus Formation under continental (possibly coastal) conditions to be settled in the middle of this formation prior to folding of the whole sedimentary succession during Alpine orogeny. This possibly happened during the Eocene, which is the reported age of the Gercus Formation.
The mode of extrusion of the magma that created the Gercus Basalt is not certain in spite of extensive field work conducted in this regard. The field work showed neither the existence of any major fault traces along the basaltic body nor any volcanic vents through which the magma could have erupted to the surface and spread, forming the shield-like basaltic body. Two possibilities can be proposed for the extrusion of the magma. The first possibility is a Figure 12 . Schematic scenario modeling the Gercus Basalt within the tectonic framework of Iraq and the surrounding SW-Iran and SE-Turkey (see Figure 1a) . The data relevant to the Iranian side are mostly simplified from Ghazi and Moazzen (2015) and Ajirlu et al. (2016) ; the Bitlis-Puturge Zone of Turkey is the western extension of the Shalair-Sanandaj-Sirjan Zone of Iraq-Iran (Polat et al., 1997; Dilek, et al. 2010; Fouad, 2015) .
diapiric upwelling (instability) from the upper mantle; this model was proposed by Lustrino and Wilson (2007) for the anorogenic mafic magmatism of the CMACIP. Close similarity of the Gercus Basalt to many magmatic bodies within this province (e.g., Iblean, Sardinia, and Etna basalts) including their OIB signatures (Figure 7d ) might entitle the Gercus Basalt to be considered as a part of the CMACIP. The absence of any other anorogenic basalts in Iraq, since the known volcanic rocks of northeastern Iraq are ophiolitic in origin, strengthens this assumption. Similarity between the Gercus basalt and many CenozoicQuaternary basalts in Turkey and Syria, which were considered part of the CMACIP by Lustrino and Wilson (2007) , further supports this view. The second possibility is that the magma was extruded along a fracture formed during the extensional relaxation stage following collision and the subduction of the Tethyan oceanic crust and subsequent collision stages of the Afro-Arabian Plate with the Anatolian-Iranian-Eurasian Plate. The anorogenic, extension-related intraplate alkaline magma origin of the Gercus Basalt is indicated by the relationship between incompatible elements such as Ta, Yb, Th, Nb, Y, and Zr, as well as geochemical diagrams based on log-ratio transformation data of major and a group of immobile and high-field-strength trace elements, which were used to discriminate between tectonic settings ( Figure 9 ).
The tectonic map of Iraq shows two major fault systems traversing Iraq. These are the NW-SE trending Najd fault system and the NE-SW trending transverse faults (Jassim and Buday, 2006, figs. 4-7 and 4-8, p. 49) . Two of these faults cross-cut in northern Iraq; one of them is the NW-SE trending Kochuk-Duhok fault and the other one is the NE-SW trending Kirkuk fault. The Najd fault system is of Precambrian age but was occasionally reactivated during the Mesozoic and Quaternary periods. The regional scale of the map showing these faults does not allow locating its exact position to show how far is it from the study area or whether it has anything to do with the source magma eruption of the Gercus Basalt. The structural framework of the Bekhair Anticline hosting the Gercus Basalt was studied by Al-Azzawi and Hubiti (2009) using mathematical means for the determination of the shape, cylindricity, and interlimb angles of the fold, respectively. They reported the existence of two sets of faults that have affected the anticline. These are a NE-SW trending set of strike-slip faults nearly perpendicular to the fold axis and a set of NW-SE listric faults parallel to the axis of the fold. The former set affected the trend of the fold, while the effect of the latter set was on its vergence. However, there are no surface expressions of these faults in the field, which are supposed to be buried, as their paper suggests. In the case of the existence of these faults, especially the listric ones whose trends are NW-SE, parallel to the axis of the Bekhair Anticline and to that of the Gercus Basalt, it can be expected that they have provided the pathway for the extrusion of the Gercus Basalt as an intraplate fissure-type eruption. Many faults have been documented in the central part of the Bekhair Anticline (Figure 1b) . Two faults were recently observed, a few meters apart at the southwestern limb of the anticline, just to the north of Duhok Lake (Figures 1b and 2c) . One of these faults is normal and the other one is a reverse fault; both are cross-cutting the contact between the Kolosh and Shiranish formations below the Gercus Formation ( Figure  2c ). The normal fault has 11 m of displacement and a 40° SW dip, while the smaller reverse fault has 1.4 m of displacement and a 55° SW dip. This is an indication that the area was affected by faulting under both extensional and compressional forces, which is also evident from the changing attitude of the Bekhair Anticline from one end to the other along its length of 72 km (Figure 1b ). The Gercus Basalt was followed step by step along its exposure during the field work because of its rare occurrence without finding any indication about its mode of eruption, whether it was a vent-or fissure-type extrusion. If it is vent-type, the vertical vent could be buried somewhere within the host Gercus Formation, which was erupted to the surface and spread as a small shield-like volcano forming a lensshaped body whose maximum thickness was near the northwestern plunge of the anticline (Figures 1-3 and 12 ). There are many volcanic fields in the southern part of Turkey located below the Bitlis suture, which is the Turkish counterpart of the Shalair-Sanandaj-Sirjan Suture of Iraq and Iran (Figure 1a) , not very far from the study area, such as Karacalıdağ and Akçakale, which were interpreted to have been formed in rift-related extension zones (grabens) (Polat et al., 1997) . These basalt fields of Quaternary age in Turkey as well as many others in neighboring Syria, such as the Quaternary Dijla basalts (Abdel-Rahman and Lease, 2012) and Euphrates basalts (Lease and AbdelRahman, 2008) , have many characteristics similar to the Gercus Basalt. They are intraplate basanites and alkaline basalts, OIB-like, and share most of their petrographic and geochemical properties with the Gercus Basalt.
Conclusions
Based on these detailed petrographic and geochemical studies of Gercus Basalt, the following conclusions could be drawn.
1. The Gercus Basalt is the first discovery of its kind within the Gercus Formation in Iraq and its equivalents in Turkey and Iran.
2. The Gercus Basalt is a concordant body in the middle of the Gercus Formation, parallel to its beds that were coevally folded as part of the Bekhair Anticlinal Mountain, and thus it probably has the same age (Eocene).
3. The Gercus Basalt body consists of basanites, alkali basalts, and melanephelinites of ultrabasic magma type, and picrites of basic magma type.
4. The Gercus Basalt consists of diopside, feldspar (anorthoclase), and olivine and their alteration products, which are rarely found in fresh state.
5. Most of the trace and rare earth element distribution patterns as well as various discrimination diagrams involving incompatible elements show that the Gercus Basalt is of anorogenic tectonic (extension-related) origin.
6. The magma that generated the Gercus Basalt was probably derived from partial melting of amphibolebearing garnet lherzolite.
7. Close similarity between the Gercus basalt and many Cenozoic-Quaternary basalts in Turkey and Syria and the Mediterranean basalts, all with OIB signatures, might suggest that it is part of the CMACIP.
